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(57) ABSTRACT

A composition for treating hearing loss includes components
that function through different biological mechanisms to pro-
vide an additive effect that 1s greater than the effect of the
individual components alone. The composition includes a
biologically eflective amount of vitamin E for inhibiting
propagation of lipid peroxidation that contributes to hearing
loss. The composition also includes a biologically effective
amount of a salicylate for reducing hydroxyl radicals that
contribute to hearing loss. A method of treating hearing loss
includes the step of internally administering the composition,
as described above, to a mammal within three days of trauma
to a middle or 1inner ear of the mammal. In other words, the
composition 1s elfective even when administered as late as
three days after trauma to a middle or inner ear of a mammal.
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COMPOSITION AND METHOD OF
TREATING HEARING LOSS

GOVERNMENT LICENSE RIGHTS

This ivention was made with government support under
grant number DC040358 awarded by National Institute of

Health National Institute of Deatness and Other Communi-
cation Disorders (NIH-NIDCD). The government has certain

rights in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention generally relates to a composition
for treating hearing loss. More specifically, the present inven-
tion relates to a composition for treating hearing loss that
includes components that function through ditferent biologi-
cal mechanisms and provide an additive effect that 1s greater
than the effect of the most effective of the individual compo-
nents alone, and a method of treating hearing loss including
the step of administering the composition to a mammal prior
to or within 3 days following trauma to the inner ear.

2. Description of the Related Art

Extensive studies have been performed on compositions
for treating hearing loss, along with methods of treating hear-
ing loss using various compositions. In particular, antioxi-
dants, among numerous other components, have been found
to play a role 1n the prevention of noise-induced hearing loss.
Specific antioxidants shown to be partially effective i reduc-
ing noise-induced hearing loss in animal models include glu-
tathione (GSH)/glutathione monoethyl ester, N-acetylcys-
teine (NAC), resveratrol, allopurinol,
R-phenylisopropyladenosine, salicylates, and vitamins A, C,
and E. Otoprotective effects of the above individual dietary
antioxidants are well known 1n the art.

To date, little, 11 any, additive effects have been found to
ex1st by combining many of the known components for treat-
ing hearing loss. Additive effects, as used herein, refer to
cifects that are greater than the most effective of the indi-
vidual components alone. For the most part, no greater effect
1s observed by combining many of the different components
that are eflective 1n treating hearing loss than the effect of the
most effective individual component 1n the composition, 1.€.,
combinations of agents are only as elfective as the most
cifective single agent delivered alone. For example, FIG. 1
shows the results of experimentation relative to additive
elfects of Trolox®, which 1s a water-soluble analogue of
alpha-tocopheral (vitamin E), in combination with vitamins
A and C, as compared to the effects of Trolox® alone. The
experimental conditions are described in further detail 1n the
Examples section below. As 1s evident from FIG. 1, the com-
bined effect of Trolox® and vitamins A and C in minimizing,
threshold shift, 1.e., hearing loss, 1s no greater than the effect
of Trolox® alone. As such, the combination of Trolox® and
vitamins A and C does not produce an additive effect in
treating hearing loss.

As the understanding of the mechanisms by which the
various antioxidants work to treat or prevent hearing loss has
become clearer, it has been found that combinations of certain
antioxidants that act via complementary, but different, bio-
chemical mechanisms may be more effective than the indi-
vidual antioxidants alone. However, given the volume and
variety of components that are known to aifect hearing loss,
as well as lack of knowledge relative to specific mechanisms
by which the components function, additive effects between
components have not been recognized to date. Further, sig-
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nificant treatments for preventing hearing loss, specifically
noise-induced hearing loss, using a post-trauma treatment
paradigm have yet to be achieved. There has been a long-felt
need for such a treatment, since the vast majority of treat-
ments to prevent noise-induced hearing loss are needed post-
trauma.

In spite of the fact that additive eflects between various
components have not been recognized to date, certain disclo-
sures have been made that generally group together many
components for treating hearing loss. These disclosures do
not teach with suflicient specificity combinations of specific
components that exhibit additive effects 1n treating hearing
loss or which are eflective 1n post-trauma treatment para-
digms. For example, U.S. Pat. No. 6,093,417 1s directed to a
composition to treat ear disorders. The composition 1s topi-
cally applied into an ear canal to treat the hearing disorder.
Although the U.S. Pat. No. 6,093,417 patent 1s directed to a
composition that may include many components that are
known to be somewhat effective 1 reducing hearing loss
alone, including vitamin E and zinc salts, such as zinc sali-
cylate, there 1s no recognition of an additive effect between
any of the components, when applied topically. As 1s evident
from FIG. 1, many combinations of components do not
exhibit additive eftects. As such, the random combination of
agents disclosed in the U.S. Pat. No. 6,093,417 patent would
not provide any greater effect for treating hearing loss it
included 1n the composition. Furthermore, effectiveness of
the individual components greatly varies between oral, intra-
venous, and topical administration, and compositions for
treating hearing loss are formulated differently depending on
the contemplated mode of administration. Finally, the U.S.
Pat. No. 6,093,417 patent does not teach with suilicient speci-
ficity biologically effective amounts of each component that
would be sufficient to produce an effect individually, let alone
additive effects between the various components. Thus, the
disclosure of the U.S. Pat. No. 6,093,417 patent provides no
turther teaching than what was already known about each of
the components, 1.e., that each component, when used 1ndi-
vidually, 1s modestly effective in preventing hearing loss.

The use of vitamin E alone, in biologically effective
amounts, has been disclosed for treating noise-induced hear-
ing loss. More specifically, Hou et al., Effects of alpha-toco-
pheral on noise-induced hearing loss in guinea pigs, Hear
Res. 179:1-8 (2003), discloses treatment of acoustical over-
stimulation with 10 to 50 mg/kg of alpha tocopheral. Further,
the use of salicylates, 1n biologically effective amounts, has
also been disclosed for treating hearing loss. More specifi-
cally, Kopke et al., Reduction of noise-induced hearing loss
using L-NAC and salicylate in the chinchilla, Hear Res. 149:
138-146 (2000), discloses treatment of noise-induced hearing
loss with 50 mg/kg of salicylate twice daily. However, none of
the prior art suggests combiming vitamin E or a salicylate in
biologically effective amounts, and none of the prior art rec-
ognizes any type of additive effect that may be achieved with
such a combination, or an ability to administer a combination
of vitamin E and a salicylate post-trauma with excellent
results for which, as set forth above, there has been a long-felt
need. Furthermore, the fact that other similar combinations of
components do not produce an additive effect, as shown 1n
FIG. 1, illustrates that such additive effects would not be
expected.

Although many of the components that are used to treat or
prevent hearing loss provide other beneficial functions and
are included 1n multivitamins, known multivitamins likewise
do not include salicylates or biologically effective amounts of
the components suificient to treat or prevent hearing loss.
Furthermore, multivitamins are generally used as part of a
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regular dietary regimen and there 1s no data that suggests the
use of multivitamins that include a specific combination and
concentration ol components to prevent hearing loss induced
by noise or other stress.

Thus, there 1s an opportunity to provide a composition and 5
a method of treating hearing loss including the step of admin-
istering the composition that includes a specific combination
of components having an additive effect that 1s greater than
the effect of the most effective of the mndividual components
alone 1n treating hearing loss when used in biologically effec- 10
tive amounts, and that 1s effective even when first admainis-
tered as late as 3 days post-trauma.

SUMMARY OF THE INVENTION AND
ADVANTAGES 15

The subject invention provides a composition for treating,
hearing loss including components that function through dii-
ferent biological mechanisms to provide an additive etfect
that 1s greater than the effect of the most effective of the »¢
individual components alone. The composition includes a
biologically effective amount of a scavenger of peroxyl radi-
cals for inhibiting propagation of lipid peroxidation that con-
tributes to hearing loss. The composition also includes a
biologically effective amount of a salicylate, which 1s a scav- 35
enger of hydroxyl radicals.

The subject 1nvention also provides a method of treating
hearing loss. The method includes the step of internally
administering the composition of the subject invention
including a biologically effective amount of each component 3¢
to a mammal within three days of trauma to a middle or inner
car of the mammal.

The combination of the scavenger of peroxyl radicals and
the salicylate, in the biologically effective amounts, provides
an additive effect in treating hearing loss that 1s greater than 35
the effects of the most effective of the individual components
alone. Even more, the composition of the subject invention 1s
cifective 1n treating hearing loss even when administered as
late as three days after trauma to the middle or inner ear of the
mammal. As a result, the composition and method of treating 40
hearing loss of the subject invention provide great promise in
helping to minimize hearing loss resulting from trauma to
middle or inner ears of mammals. Given the high incidence of
noise-induced hearing loss 1n the general population world-
wide, there has been a long-felt need for the composition and 45
method of treating hearing loss of the subject mnvention in
order to mimmize socioeconomic effects that persist due to
noise-induced hearing loss.

BRIEF DESCRIPTION OF THE DRAWINGS 50

Other advantages of the present invention will be readily
appreciated, as the same becomes better understood by ret-
erence to the following detailed description when considered
in connection with the accompanying drawings wherein: 55

FIG. 1 1s a graph showing the effect of treating hearing loss
with Trolox® (a water-soluble analogue of alpha tocopheral)
alone (Comparative Example 1, treatment started 3 days pre-
trauma), sodium salicylate alone (Comparative Example 2,
treatment started 3 days pre-trauma), Trolox® and vitamins A 60
and C (Comparative Example 3, treatment started 1 hour
pre-trauma), or a combination of Trolox® and salicylate (Ex-
ample 4, treatment started 3 days post-trauma) on average
reduction of a threshold shift in guinea pigs from baseline
threshold sensitivity at 4, 8, and 16 kHz after exposure to 120 65
decibel SPL Octave Band Noise centered at 4 kHz for five

hours:

4

FIG. 2 1s a graph showing the efiect of treatment with a
composition of the subject invention including Trolox® and
sodium salicylate, in biologically effective amounts, after
starting treatment 3 days pre-trauma (Example 1), 1 hour
post-trauma (Example 2), 1 day post-trauma (Example 3),
and 3 days post-trauma (Example 4), and Comparative
Examples of an untreated control (Comparative Example 4),
a saline-treated control (Comparative Example 5), and the
composition of the present invention including vitamin E and
the salicylate starting 5 days post-trauma (Comparative
Example 6), on average reduction of a threshold shiit in
guinea pigs from baseline threshold sensitivity at 4, 8, and 16
kHz after exposure to 120 decibel SPL Octave Band Noise
centered at 4 kHz for five hours;

FIG. 3 1s a graph showing corresponding amounts of miss-
ing outer hair cells in the region of the cochlea spanning 10-16
mm from the apex after the noise exposure specified above for
FIG. 2 for each of the Examples and Comparative Examples
of FIG. 2; and

FIG. 4 15 a series of graphs showing actual outer hair cell
(OHC) loss and inner hair cell (IHC) loss with different

treatment regimens.

L1
]

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

A composition for treating hearing loss includes compo-
nents that function through different biological mechanisms
to provide an additive effect that 1s greater than the effect of
the most effective of the individual components alone. The
composition 1s typically used for treating hearing loss result-
ing from trauma to a middle or 1nner ear of a mammal. The
trauma may be further defined as mechanically-induced
metabolic trauma, mechanical/metabolic trauma, stress
trauma, stress-induced damage, or environmental stress.
However, 1t 1s also possible that the composition may also be
used to treat or prevent other types of hearing loss, including,
for example, age-related hearing loss, antibiotic-induced
hearing loss, and chemotherapeutic-induced hearing loss.
The composition may further be used to prevent hearing loss
during restoration surgery performed on the middle or inner
ear.

It has been found that one result of noise trauma, or other
stressors such as age and drugs as listed above, 1s that free
radicals form 1n association with metabolic trauma. The free
radicals damage sensitive structures, such as hair cells, within
the ear. Vasoconstriction also occurs as a result of the noise,
which leads to decreased blood tflow to the middle and inner
car and causes cell death that results 1n hearing loss. It has
been found that the underlying cause of vasoconstriction 1s
noise-induced free radical formation. Specifically, one of the
molecules formed 1n the mner ear as a result of the presence
ol free radicals 1s 8-1soprostane-2F alpha, which 1s a bioactive
agent. The bioactive agent induces a constriction of blood
vessels 1n the inner ear, which causes a reduction 1n blood
flow. In order to counteract the free radical formation and the
vasoconstriction, the composition of the subject mvention
includes a salicylate and a scavenger ol peroxyl radicals.
Unexpectedly, it was found that the composition including
the combination of the scavenger of peroxyl radicals and the
salicylate, 1n biologically effective amounts to be described 1n
turther detail below, produce the additive effect that 1s greater
than the effect of any one of those components alone and, in
some stances, greater than a sum of the effects of each of the
components alone.

Antioxidants act through a variety of mechanisms. The
scavenger of peroxyl radicals and the salicylate are members
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of two different classes of antioxidants that act through dii-
ferent mechanisms. Salicylates are scavengers of hydroxyl
radicals and reduce free radicals (reactive oxygen species)
that contribute to hearing loss. Scavengers of peroxyl radicals
reduce reactive nitrogen species that also contribute to hear-
ing loss. The scavengers of peroxyl radicals inhibit peroxyni-
trite-mediated tyrosine and guanine nitrosylation and mini-
mize tissue damage induced by peroxynitrite, which 1s a
reaction product of nitric oxide and the superoxide anion.
Nitric oxide 1s widely implicated in pathological processes in
the cochlea, including noise and ototoxic stress. The unex-
pected synergistic effects of these agents may be accounted
tor by the fact that they scavenge both reactive oxygen species
and reactive nitrogen species; however, as shown 1n FIG. 1,
the combination of vitamin E, 1.e., the scavenger of peroxyl
radicals, with vitamins A and C, which are other scavengers
of hydroxyl radicals and are different from salicylates, 1s not
as effective as the combination of vitamin E plus salicylate.

The salicylate may be selected from the group of salicylic
acid, salts of salicylic acid, and combinations thereof. One
specific example of a salicylate that may be suitable for pur-
poses of the present invention 1s sodium salicylate. Salicy-
lates are known 1n the art as scavengers of hydroxyl radicals.
It 1s also known that salicylates can affect activation of the
transcription factor nuclear factor-KB, thereby intervening in
apoptotic pathways, and protect against drug-induced cell
death in the cochlea.

The salicylate 1s present in the composition 1n a biologi-
cally effective amount. For purposes of the subject invention,
the biologically effective amount 1s further defined as an
amount that 1s sufficient to produce an additive effect 1n
reduction in threshold shift when used 1n combination with
the scavenger ol peroxyl radicals. Additive effect, as used
herein, refers to an effect that 1s greater than the effect of the
most effective of the individual components alone. In order to
produce the additive effect, the salicylate 1s typically present
in the composition 1n a total amount of at least 3.2 interna-
tional units (IU), more preferably from 3.2 IU to 29.0 IU,
most preferably about 3.8 IU for an adult dosage, with the
composition typically administered twice daily. Alterna-
tively, the above dosages may be doubled and may be admin-
1stered once daily. As known 1n the art, a conversion of IU to
weight (mg/L, mmol/L) for salicylate 1s 0.00724 IU. Thus, at
least 3.2 IU of sodium salicylate 1s equivalent to at least 442.5
mg of sodium salicylate, from 3.2 to 29.0 IU of sodium
salicylate 1s equivalent to from 442.5 to 4000 mg sodium
salicylate, and 3.8 IU of sodium salicylate 1s equivalent to 525
mg sodium salicylate. Specific amounts of the salicylate
present 1n the composition may be dependent on the body
weilght of the mammal. In one specific example, the amount
of salicylate present 1n the composition 1s about 7.5 mg/kg
body weight. Thus, for an average human weighing about 70
kg, the amount of salicylate present 1n the composition may
be about 525 mg.

The scavenger of peroxyl radicals inhibits propagation of
lipid peroxidation and tissue damage induced by peroxyni-
trite, pathological processes that contribute to hearing loss.
More specifically, the scavenger of peroxyl radicals serves a
chain-breaking function to mhibit propagation of lipid per-
oxidation. As evident from the chain-breaking function of the
scavenger of peroxyl radicals 1n lipid peroxidation, the scav-
enger of peroxyl radicals functions within cell membranes. A
specific scavenger of peroxyl radicals that 1s contemplated for
use 1n the composition of the subject invention 1s vitamin E.
Vitamin E 1s a generic term for all tocols and tocotrienol
derivatives with a biological activity of alpha-tocopherol.
Primary dietary forms of vitamin E include vitamin E 1itself
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and alpha-tocopherol. Trolox®, a water-soluble analogue of
alpha-tocopherol that 1s commercially available from Hoil-
man-Laroche, [.td. of Basel, Switzerland, 1s another form of
vitamin E with biological activity.

The scavenger of peroxyl radicals 1s typically present in the
composition 1 an amount of at least 60 IU, more preferably
from 60 IU to 540 IU, most preferably from 300 IU to 540 IU.
For example, when the scavenger of peroxyl radicals 1s vita-
min E, a conversion of IU to weight for vitamin E 15 0.66
mg/IU, as known 1n the art. Thus, when the scavenger of
peroxyl radicals 1s vitamin E, at least 60 IU of vitamin E 1s
equivalent to at least 40 mg of vitamin E, from 60 to 540 IU of
vitamin E 1s equivalent to from 40 to 357 mg vitamin E, and
from 300 to 340 IU vitamin E 1s equivalent to from 200 to 357
mg vitamin E. As with salicylate, specific amounts of the
vitamin E present in the composition may be dependent on the
body weight of the mammal. In one specific example, the
amount of vitamin E present 1n the composition 1s about 5.0
mg/kg body weight. Thus, for an average human weighing
about 70 kg, the amount of vitamin E present 1n the compo-
sition may be about 350 mg.

Although salicylates and the scavenger of peroxyl radicals
are known 1n the art for individually treating hearing loss, the
combination of the salicylate and the scavenger of peroxyl
radicals, more specifically the combination of salicylate and
the vitamin E, exhibits an unexpected additive effect when
combined in the biologically effective amounts. The additive
elfect for treating hearing loss 1s greater than the most elfica-
cious of either the salicylate or the scavenger of peroxyl
radicals alone. In some 1nstances, the combination of the
salicylate and the scavenger ol peroxyl radicals 1s greater than
the sum of the effects of the salicylate and the scavenger of
peroxyl radicals alone. Such effects are not observed with
combinations of other components, such as vitamins A, E and
C, as 1s evident from FIG. 1. Specific effects of the composi-
tion ol the subject invention on treating hearing loss are
described in further detail below.

Amounts of the typical components included in the com-
position, along with more and most preferred amounts, are
summarized 1in Table 1 below. As alluded to above, the com-
position 1s typically administered twice daily.

TABLE 1
More Most Typical
Preferred Preferred Dosage, mg/kg
Component Amount Amount Amount body weight
Vitamin E =60 U 60-540 IU  300-540 IU 5.0 mg/kg
Salicylate =3.21IU0 3.2-29.0IU 3.2-541U 7.5 mg/kg

Although no human experimentation has been performed
to date, the amounts specified for the salicylate and the scav-
enger of peroxyl radicals correlate, 1 terms of biological
cifectiveness, to amounts used 1n animal studies on guinea
pigs. Furthermore, 1t 1s to be appreciated that the biologically
cifective amounts of the salicylate and the scavenger of per-
oxyl radicals may be lower within the above ranges for per-
sons of different body weight, as 1s evident from the typical
dosages 1n Table 1 based on mg/kg.

In addition to the salicylate and the scavenger of peroxyl
radicals, other components may also be present in the com-
position for treating hearing loss. For example, in one
embodiment, the composition further includes a withanolide.
Withanolides have been suggested for use 1n anti-inflamma-
tory, anti-tumor, cytotoxic, and immunological applications.
One example of a specific withanolide that may be included in
the composition of the subject mvention 1s the withanolide
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extracted from daylily plants. The extract 1s a powertul natu-
ral antioxidant, which may be effective 1n preventing cell
death 1n the mnner ear by interrupting the cell-death pathway
iitiated by deafferentation of the auditory nerve. When
included 1n the composition, the withanolide may be present
in an amount of at least 100 ppm, more preferably from 250 to
1000 ppm.

A method of treating hearing loss includes the step of
internally administering the composition of the subject inven-
tion to a mammal, typically twice daily or at twice the pre-
terred dose once daily, as set forth above. More specifically,
the composition may be orally admimstered to the mammal,
such as 1n the form of a tablet, liquid, gel, etc. Alternatively,
the composition may be intravenously administered to the
mammal through an IV or an 1njection of the composition.
The composition may also be locally administered via the
round window membrane of the cochlea. The salicylate, the
scavenger of peroxyl radicals, and the other optional compo-
nents, may be first combined to form the composition, with
the composition then administered to the mammal. Alterna-
tively, the salicylate, the scavenger of peroxyl radicals, and
the optional components may be separately administered, in
which case the composition forms within the mammal.

For purposes of the subject invention, hearing loss 1s objec-
tively measured 1n terms of differences in threshold shift. In
guinea pig studies, hearing loss and the efficacy of the com-
position of the subject invention for treating hearing loss 1s
measured as an average difference in threshold shift from
baseline threshold sensitivity at 4, 8, and 16 kHz, as compared
to an untreated control, after exposure to 120 decibel SPL
Octave Band Noise centered at 4 kHz for five hours. Larger
differences 1n threshold shift correlate to less hearing loss and
greater eflicacy of the composition for treating hearing loss.

It 1s has been shown that hair cell loss correlates to thresh-
old shift. For example, 1n guinea pig ears that recover from
temporary threshold shift, morphological damage 1s limited
to tips of stereocilia 1n a third row of outer hair cells (OHCs)
whereas ears from animals with permanent threshold shift
have damage to all three rows of OHCs and, 1n some cases, the
iner hair cells (IHCs), with damage throughout the length of
the stereocilia as well as the to the body of the hair cell.

The composition of the present invention 1s internally
administered to the mammal, either orally or intravenously,
within three days of trauma to a middle or inner ear of the
mammal in order to alleviate permanent threshold shiit. It 1s
to be appreciated that by administrating the composition
within three days of trauma, treatment prior to trauma 1s also
contemplated through the method of the present invention.
Data from animal studies indicate that temporary threshold
shift measured 24 hours post-trauma 1s well-correlated with
permanent threshold shift. Given the relationship between
temporary threshold shift and permanent threshold shaft, 1t 1s
climically beneficial to reduce temporary threshold shift. As
such, the composition 1s preferably administered within one
day of trauma to the middle or inner ear of the mammal. Even
s0, treatment within three days with the composition of the
present invention 1s also effective 1n minimizing permanent
threshold shift, as 1llustrated by Example 4 below.

Treatment within three days 1s most appropriate when the
mammal has sustained trauma to the middle or inner ear
through unexpected loud noise or other trauma. Ideally, the
composition 1s administered to the mammal prior to trauma to
the middle or iner ear. Treatment prior to trauma 1s most
teasible when the mammal 1s preparing for sustaining trauma
to the middle or inner ear. For example, the composition may
be administered prior to restoration surgery performed on the
middle or mner ear. As another example, 11 a person will be
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firing a weapon or attending an event such as a rock concert,
the person may begin treatment prior to sustaining the trauma
to the middle or inner ear to attain the best results.

After mmitial administration of the composition, the com-
position 1s typically administered to the mammal each day for
at least five days following the trauma to the middle or inner
car of the mammal. Although excellent results have been
achieved through such treatment, 1t 1s to be appreciated that
other treatment regimens may also prove eificacious for pur-
poses of the present invention.

As described in further detail in the Examples section
below, an average difference 1n threshold shiit in mammals
from baseline threshold sensitivity at 4, 8, and 16 kHz, as
compared to an untreated control, 1s at least 25 decibels after

exposure to 120 decibel SPL Octave Band Noise centered at
4 kHz for five hours. More specifically, the threshold shift in

mammals treated with the composition of the present inven-
tion 1s at least 25 decibels lower than the threshold shift in
mammals that are treated with a control saline solution. To
obtain those results, the composition s typically injected each
day, twice a day, for three days prior to exposure to the noise
and 1njected again each day for at least five days, typically up
to ten days, subsequent to the exposure to the noise. The
threshold shiit 1s measured 10 days after exposure to the noise
using auditory brainstem response (ABR) testing. Similar
results would be anticipated using other alternative measures
of auditory or sensory cell function, such as psychophysical
tests or otoacoustic emission measures. Even when the com-
position 1s first administered as late as three days after expo-
sure to the 120 decibel SPL Octave Band Noise centered at 4
kHz for five hours, an average difference 1n threshold shift in
mammals from baseline threshold sensitivity at 4, 8, and 16

kHz, as compared to the untreated control, 1s at least 20
decibels.

In addition, outer hair cell loss and inner hair cell loss 1s
measured both in the whole cochlea and 1n a trauma region of
the cochlea. After treatment according to the method of the
present mnvention, outer hair cell loss in the whole cochlea 1s
less than 10%, as shown 1n FIG. 3, and 1inner hair cell loss 1n
the whole cochlea 1s less than 5%. FIG. 4 shows the relative
amounts of mner and outer hair cell loss for the various
treatments set forth 1n FIG. 2. Although not specifically rep-
resented 1n the Figures, outer cell hair loss 1n the trauma
region 1s less than 20%, while inner hair cell loss 1n the trauma
region 1s less than 10%.

The following example, as presented herein, 1s intended to
illustrate and not limit the invention.

EXAMPLES 1-4

The method of treating hearing loss with the composition
of the present imnvention 1s performed on guinea pigs (NIH
outbred strain, 250-350 grams) due to their extensive use 1n
auditory research, including studies on noise-induced hearing
loss, and because they provide a model similar to humans 1n
terms of development. In order to determine eflicacy of the
composition of the present mnvention 1n treating hearing loss,
baseline threshold sensitivity of the guinea pigs 1s measured

binaurally using auditory brainstem response testing at 4, 8,
and 16 kHz.

-

T'he guinea pigs are treated with vitamin E (Trolox®) and
salicylate 1n the amounts shown 1n Table 2 twice per day. The
amounts shown 1n Table 2 are 10 times expected human doses
based on more rapid metabolism of guinea pigs relative to
humans.




US 7,786,100 B2

TABLE 2
Component Parts by Weight
Vitamin E (Trolox ®) 50 mg/kg 1.p.
Salicylate 75 mg/kg s.c.

For Example 1, the guinea pigs are first treated each day,
twice a day, for three days prior to exposure to 120-dB SPL
Octave Band Noise centered at 4 kHz for 5 hours. The noise
causes trauma to middle or inner ears of the guinea pigs and
1s sulficient to cause permanent threshold shiit, 1.e., perma-
nent hearing loss. The composition of the present invention 1s
administered twice on the same day as the noise exposure,
and twice each day for 10 days after the noise exposure. Ten
days after the noise exposure, auditory sensitivity 1s measured
using ABR. For Examples 2-4, a sitmilar method of treatment
1s used, except treatment 1s started at different points 1n time
relative to the noise exposure. For Example 2, the composi-
tion 1s first administered 1 hour after noise exposure, for
Example 3, the composition 1s first administered 1 day after
noise exposure, and for Example 4, the composition 1s first
administered 3 days after noise exposure.

For ABR testing, the guinea pigs are anesthetized with 40
mg/kg ketamine and 10 mg/kg xylazine and placed on awarm
heating pad in a sound attenuated chamber. ABR thresholds
are determined at 4, 8 and 16 kHz frequencies. To test for the
ABR thresholds, tone bursts 10 ms in duration (0.5 ms rise/
fall) are presented at arate of 17/sec. Up to 1024 responses are
collected and averaged for each signal frequency to provide a
measure ol threshold shift at each frequency. Estimates of
permanent hearing loss, shown 1n FI1G. 2 1n terms of threshold
shift 1n decibels, are calculated as average threshold shift
across ears and across frequencies.

After ABR testing, the guinea pigs are deeply anesthetized
and decapitated. Temporal bones are quickly removed, dis-
sected open and fixed with 4% paratormaldehyde. The fol-
lowing day, an otic capsule, lateral wall, and tectorial mem-
brane are removed, and a bony modiolus 1s carefully
detached. Organ of Cort1 tissue, attached to the modiolus, 1s
permeabilized with 0.3% Triton-X and incubated with
rhodamine phalloidin diluted 1:100 1n phosphate builered
saline (30 min). After washing the tissues, individual turns
from the organ of Cort1 are dissected, mounted on microscope
slides, and examined and photographed using a Leica DMRB
epitluorescence microscope. Hair cell counts are conducted,
and cytocochleograms are prepared as known 1in the art.
Referring to FIG. 3, percentages of missing outer hair cells
(OHC) are determined based on the hair cell counts.

Comparative Examples 1-3

Guinea pigs are treated with 50 mg/kg of Trolox® alone,
twice daily beginning 3 days pre-trauma (Comparative
Example 1), 75 mg/kg of salicylate alone, twice daily begin-
ning 3 days pre-trauma (Comparative Example 2), or a com-
bination of 26 mg/kg Trolox®, 2.1 mg/kg vitamin A, and 71 .4
mg/kg vitamin C (Comparative Example 3) once daily begin-
ning 1 hour pre-trauma to illustrate that little or no additive
cifect 1s achieved with different combinations of components,
other than the combination of the Trolox® and the salicylate.
The results of treatment with Trolox® alone, the salicylate
alone, or the combination of Trolox® and vitamins A and C
are shown 1n FIG. 1. The guinea pigs are subjected to ABR
testing, and the components of the ear are dissected, both as
described above in the Example, to provide mformation on

threshold shift and hair cell loss.
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Comparative Examples 4-6

Guinea pigs are treated through other regimens 1n order to
compare the elficacy of the composition of the present mnven-
tion with the other compositions. For example, guinea pigs
are separately treated in the same way as specified above 1n
the Example with the following: no treatment (Comparative
Example 4), a saline (NaCl) composition as a control (Com-
parative Example 5) administered each day, twice a day, for
three days prior to exposure, or treatment with the composi-
tion used 1n Examples 1-4, but with treatment not starting
until 5 days post-trauma (Comparative Example 6). The
guinea pigs are subjected to the same ABR testing, and the
components of the ear are dissected, as described above in the
Example to provide information on threshold shiit and hair
cell loss. Threshold shift and hair cell loss resulting from

treatment with the other compositions are shown in FIGS. 2
and 3.

Results

Referring to FIGS. 2-3, the effect in treating hearing loss
with composition of the present mnvention including Trolox®
and the salicylate, 1n the biologically effective amounts, 1s
clearly greater than that associated with the effectiveness of
an untreated control (Comparative Example 1), a saline-
treated control (Comparative Example 2), a combination of
Trolox® and vitamins A and C (Comparative Example 3),
Trolox® alone (Comparative Example 4), salicylate alone
(Comparative Example 5), or the composition of Examples
1-4 with treatment starting 5 days post-trauma (Comparative
Example 6). More specifically, noise exposure accompanied
by treatment with the composition of the present invention
within 3 days post-trauma results 1n a threshold shiit of less
than 30 decibels, as averaged across all frequencies, while
noise exposure accompanied by treatment with a control sub-
stance results 1n a threshold shift of about 50. As such, a
difference 1n threshold shift between treatment with the com-
position of the present invention and treatment with the con-
trol of saline solution 1s over 20 decibels. Consistent with the
reduction 1n noise-induced hearing loss, hair cell counts
revealed significantly reduced sensory cell death with the
treatments used in Examples 1-4, with the greatest protection
observed with treatment starting 3 days prior to exposure to
the noise (Example 1). More specifically, less than 10% of
outer hair cells 1n the whole cochlea are missing after treat-
ment with the composition of the present invention 3 days
pre-trauma (Example 1). However, even with treatment start-
ing three days post treatment (Example 4), outer hair cell loss
1s about 30%, compared to about 60% outer hair cell loss for
the untreated control (Comparative Example 1).

Furthermore, as shown i FIG. 1, the Comparative
Examples 1n which Trolox® alone, the salicylate alone, or a
combination of Trolox® and vitamins A and C are used
clearly do not exhibit the same additive effect that 1s observed
when Trolox® and the salicylate are used 1n combination, as
shown in Examples 1-4 in FIGS. 1-3.

The invention has been described 1n an 1llustrative manner,
and 1t 1s to be understood that the terminology which has been
used 1s mtended to be 1n the nature of words of description
rather than of limitation. Obviously, many modifications and
variations of the present invention are possible 1n light of the
above teachings, and the invention may be practiced other-
wise than as specifically described.

What 1s claimed 1s:

1. A method of treating hearing loss comprising the step of
internally administering a composition imncluding a biologi-
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cally effective amount of vitamin E and a salicylate to a
mammal within three days of trauma to a middle or inner ear
of the mammal, wherein the trauma 1s further defined as
mechanically-induced metabolic trauma, mechanical/meta-
bolic trauma, stress trauma, stress-induced damage, or envi-
ronmental stress, to provide an additive effect that 1s greater
than the effect of the most effective of the individual compo-
nents alone.

2. A method as set forth 1n claim 1 wherein the step of

internally administering the composition is further defined as 10

orally administering the composition to the mammal.

3. A method as set forth 1 claim 1 wherein the step of
internally administering the composition 1s further defined as
intravenously adminmistering the composition to the mammal.

4. A method as set forth in claim 1 wherein the step of 15

internally administering the composition occurs prior to
trauma to the middle or inner ear of the mammal.

5. A method as set forth 1n claim 1 wherein the step of
internally administering the composition is further defined as

internally administering the composition within one day of 20

trauma to the middle or inner ear of the mammal.

6. A method as set forth in claim 5 further comprising the
step of internally administering the composition to the mam-
mal twice a day for at least five days following the trauma to
the middle or inner ear of the mammal.

12

7. A method as set forth 1n claim 6 wherein an average
difference in threshold shift in mammals from baseline
threshold sensitivity at 4, 8, and 16 kHz 1s at least 25 decibels
when the trauma results from exposure to 120 decibel SPL
Octave Band Noise centered at 4 kHz for five hours, as com-
pared to an untreated control.

8. A method as set forth 1n claim 1 wherein an average
difference in threshold shift in mammals from baseline
threshold sensitivity at 4, 8, and 16 kHz 1s at least 20 decibels
when first administered three days after trauma when the
trauma results from exposure to 120 decibel SPL Octave
Band Noise centered at 4 kHz for five hours, as compared to
an untreated control.

9. A method as set forth 1n claim 1 wherein vitamin E 1s
further defined as a water-soluble analogue of alpha toco-
pheral.

10. A method as set forth 1n claim 1 wherein the vitamin E
1s present 1n the composition in a total amount of at least 60
IU.

11. A method as set forth 1n claim 1 wherein the salicylate
1s Turther defined as sodium salicylate.

12. A method as set forth 1n claim 1 wherein the salicylate
1s present 1n the composition 1 an amount of at least 3.2 TU.

G o e = x
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